► identifying preclinical rheumatoid arthritis (ra) has become a high-stakes undertaking. ► initiation of appropriate treatment at the preclinical stage may change the course of the disease. ► the added value of musculoskeletal ultrasound (MSUS) in ra management is well recognised, especially for early diagnosis.
What does the study add?
► in this cohort study of individuals genetically at risk of developing ra, with no established rheumatic disease, MSUS inflammatory activity was associated with the presence of unclassified arthritis, the latest phase of preclinical ra. ► However, MSUS was not associated with earlier preclinical phases of ra development.
How might this impact on clinical practice?
► although MSUS may be useful in detecting imminent ra, our study does not support the systematic use of MSUS in a screening algorithm for preclinical ra.
AbstrAct
Objective to identify whether musculoskeletal ultrasound (MSUS) abnormalities are associated with specific phases of rheumatoid arthritis (ra) development in individuals at risk of ra.
Methods this is a prospective cohort study of individuals at risk of developing ra, namely first-degree relatives of patients with ra (ra-FDrs) without evidence of established rheumatic disease at inclusion. the inflammatory activity on MSUS was assessed according to a validated score (SOnar). active MSUS was defined as a total B-mode score greater than 8, including at least one joint with significant synovitis (grade 2 or 3) or significant synovial hyperaemia (Doppler score greater than 1). We used logistic regression to analyse associations between MSUS findings and recognised preclinical phases of ra development, adjusting for other demographic and biological characteristics.
Results a total of 273 ra-FDrs were analysed, of whom 23 (8%) were anticitrullinated protein autoantibodiespositive, 58 (21%) had unclassified arthritis and 96 (35%) had an active MSUS, which was only associated with unclassified arthritis (Or: 1.8, 95% ci 1.0 to 3.3).
Conclusion in individuals at risk of ra, active MSUS was associated with the presence of unclassified arthritis, but not with any of the earlier described phases of ra development. these findings do not support an indiscriminate use of ultrasound in a screening strategy for preclinical ra.
InTROduCTIOn
Rheumatoid arthritis (RA) remains a frequent and debilitating disease even with the development of highly effective new treatments. It is well established that starting aggressive antirheumatic therapy early may change the course of the disease. 1 It is thought that the initiation of appropriate treatment at the preclinical stage of RA may enable the disease to be prevented. 2 3 Several randomised controlled trials in preclinical disease are currently under way. Thus, identifying preclinical RA has become a high-stakes undertaking. 4 5 Specific preclinical phases of RA development have been proposed, 6 namely genetic risk factors for RA, environmental risk factors, systemic autoimmunity associated with RA, symptoms without clinical arthritis and unclassified arthritis. Systemic autoimmunity associated with RA is considered the immunological onset of the disease and is characterised by the presence of autoantibodies, such as rheumatoid factor (RF) and anticitrullinated protein autoantibodies (ACPAs), and both autoantibodies precede the onset of RA by several years. 3 Preclinical phases have been studied among first-degree relatives with RA (RA-FDRs), a population with RMD Open RMD Open RMD Open an increased risk of developing RA compared with the general population. 7 Several predictive factors for RA development have been identified, which can schematically be grouped as clinical predictors (ie, environmental exposures, family history), biomarkers (ie, genetic factors, autoantibodies) and imaging modalities. Among the various imaging techniques, subclinical MRI inflammation was shown to precede clinical arthritis by a few months. 8 Musculoskeletal ultrasound (MSUS) has gained a prominent role in RA management, given technical improvements and accessibility in daily clinical practice. 9 In established RA, MSUS is more sensitive than clinical assessment for the detection of synovitis. 10 Moreover, MSUS plays an important role in two critical stages of the disease: early RA diagnosis and prediction of relapse in patients clinically in remission. 11 12 At an earlier stage of the disease, namely in autoantibody-positive patients with arthralgias but without clinical evidence of synovitis, MSUS abnormalities have been associated with subsequent development of arthritis. 13 14 The aim of this study was to assess the value of MSUS in a screening strategy of healthy individuals at increased risk of RA. We analysed the association of MSUS with the recognised preclinical phases of RA development.
MeTHOds

Patient population and study design
The SCREEN-RA study is an ongoing cohort study of individuals genetically at risk of developing RA, namely first-degree relatives (FDR) of patients with RA who had no established rheumatic disease and no antirheumatic treatment at enrolment, described in detail elsewhere. 7 15 Briefly at enrolment, RA-FDRs answer a questionnaire about potential environmental risk factors and are examined by a rheumatologist or specialised study nurse to rule out the presence of RA, other autoimmune conditions, and tender or swollen joints. Serum samples are collected for genetic testing and autoantibodies (RF and ACPA) assessment. Participants are followed annually to assess for the development of signs and symptoms of arthritis.
We performed a cross-sectional study nested within the SCREEN-RA cohort to analyse MSUS in individuals in preclinical phases of the disease. The analysis included consecutive participants with complete MSUS and ACPA status included in the registry after December 2011. For this analysis, we considered the first visit with an MSUS assessment, which may have occurred a few years after enrolment into the SCREEN-RA cohort. Prospective follow-up is ongoing, and at this time only two patients have developed classifiable RA, which is insufficient to allow a longitudinal analysis.
Msus assessment MSUS was performed using an Esaote MyLab 60 machine with a linear transducer at 18 MHz by senior rheumatologists with expertise in MSUS, blinded to clinical and biological data. Power Doppler settings, depth and gain were optimised to the lowest achievable pulse repetition frequency (PRF) and maximum gain without perceptual noise artefact as per published guidelines. 16 A standardised MSUS examination was performed according to the validated, semiquantitative Swiss Sonography in Arthritis and Rheumatism (SONAR) score. 9 17-19 Bilateral wrists, metacarpophalangeal and interphalangeal joints 2-5, olecranon fossa, and suprapatellar recess were assessed. Synovitis in B-mode and hyperaemia with power Doppler were graded in each joint in line with the Outcome Measures in Rheumatology clinical trials definitions. 16 20 Significant level of inflammatory activity on articular MSUS or 'active MSUS' was defined as a total B-mode score of greater than 8, including at least one joint with significant synovitis (defined as grade 2 or 3) or significant synovial hyperaemia (defined as Doppler score greater than 1), as previously published. 9 21 Primary outcome Operationally we classified the participants into the following four groups: 1. FDRs without risk factors, specifically individuals without 'shared epitope', without ACPA, without RF, and without symptoms or signs associated with possible RA. 2. FDRs with genetic risk factors, defined as the presence of one or two copies of the shared epitope or with 'systemic autoimmunity associated with RA', defined by the presence of ACPA positivity, but without symptoms or signs associated with possible RA. ACPA positivity was operationally characterised by a positive result to any of the anticyclic citrullinated peptide antibodies tests (commercial ELISA tests anti-CCP 2.0, 3.0 or 3.1, according to the manufacturer's cut-off values: anti-CCP2 ≥25 U/mL, and anti-CCP3.1 and anti-CCP3 ≥20 U/mL). 7 3. FDRs with inflammatory arthralgias or self-reported symptoms associated with possible RA, according to the Connective Tissue Disease Screening Questionnaire (CSQ), but without clinical arthritis. 22 The CSQ includes six RA-relevant items: morning stiffness, arthritis in the hand joints or wrists, arthritis in three or more joint areas, symmetric arthritis, subcutaneous nodules, and RF test results. The presence of three positive responses or more was considered to represent symptoms associated with possible RA. 23 4. Unclassified arthritis, namely FDRs with at least one swollen joint on physical examination.
statistical analysis
We performed logistic regression to analyse univariable and multivariable associations between MSUS findings and the preclinical phases of RA development, 6 adjusting for other patient characteristics, including age, gender and tobacco smoking.
Sporadically missing covariates were managed using multiple imputations. All analyses were performed with (table 1) . ACPAs were present in 8% of RA-FDRs, which is a prevalence commonly found in unaffected FDR populations. 24 25 MSUS was performed at enrolment in 153 (56%) RA-FDRs; the rest had a median of 2. In univariable analyses, there was a significant correlation between active MSUS and the presence of unclassified arthritis on clinical examination. Twenty-eight per cent of RA-FDRs with active MSUS had at least one swollen joint on physical examination compared with 18% in the group without MSUS signs (OR 1.8, 95% CI 1.0 to 3.3) (table 2). In multivariable analyses, adjusted for age, gender and tobacco smoking, the relationship between MSUS and unclassified arthritis was only RMD Open RMD Open RMD Open Figure 1 Active MSUS in preclinical phases of RA. In individuals with at least one risk factor for RA, the prevalence of an active ultrasound is increased in the first-degree relatives classified in the later phases of preclinical RA development (table 2) (p value for trend: 0.03). Unclassified arthritis defined as the presence of at least one swollen joint. ACPA, anticitrullinated protein antibodies; MSUS, musculoskeletal ultrasound; RA, rheumatoid arthritis; SE, shared epitope. borderline significant (OR: 1.6, 95% CI 0.9 to 3.0). We found no association with genetic risk factors (presence of shared epitope), systemic autoimmunity (ACPA) or self-reported symptoms in the absence of swollen joints. We found a significant trend for more active MSUS in the later phases of preclinical disease development (p=0.03; figure 1 ).
dIsCussIOn This is the first study to assess MSUS in a population with the whole spectrum of preclinical phases of RA development. Active MSUS was associated with the presence of unclassified arthritis, but not with earlier preclinical phases of RA development. In particular, we did not find more MSUS inflammatory activity in participants with inflammatory arthralgias or systemic autoimmunity of RA. Furthermore, active MSUS was not significantly associated with any demographic or clinical risk factors, except for older age (table 1) .
As preventive trials are currently being conducted in preclinical stages of RA, it has become more relevant to accurately identify high-risk individuals. New imaging methods have demonstrated high sensitivity for the detection of synovitis and to identify patients' subclinical inflammation. van Steenbergen et al 8 demonstrated that MRI could detect subclinical inflammation in patients with 'clinically suspect arthralgia', 4-5 months prior to the diagnosis of clinically apparent arthritis. In a prospective study of patients with arthralgias and a positive ACPA, in a later phase of RA development, patients with ultrasound features of inflammation were more likely to subsequently develop clinical synovitis.
14 In a population of patients with inflammatory joint complaints without clinical synovitis, van der Ven et al 26 found that Doppler signal at baseline was associated with the development of arthritis at 1 year. However, the positive predictive value of MSUS was low (26%), while the negative predictive value was 89%. In contrast to previous MSUS studies, we included a broader population including the whole spectrum of preclinical phases of RA development. Only a limited number of subjects were ACPA-positive or reported symptoms or signs of arthritis. We found no association between MSUS and the early phases of RA development, such as autoimmunity associated with RA or arthralgias without arthritis. Active MSUS was only significantly associated with unclassified arthritis. This is in accordance with the current notion that autoimmunity in RA is initiated outside of the joints, such as mucosal surfaces, and that synovitis develops only late in the disease course.
We found a high prevalence of active MSUS in our population, with 35% of participants having MSUS signs of arthritis. A recent study conducted in healthy subjects described MSUS abnormalities in 88% of the population, 13% with synovial hypertrophy with or without Doppler signal, 27 which underscores the limited specificity of MSUS joint abnormalities. The SONAR score used in this study has been validated in patients with RA, 17 18 but has also been shown to be prognostic for the development of RA in patients with inflammatory arthralgias, with an OR of 7.4, independently of other prognostic factors. 28 Currently several validated MSUS scoring systems exist, and it is not established which MSUS scoring system is most discriminant in preclinical stages of the disease. It is possible that MSUS scoring systems including the feet may be more sensitive, however potentially with even less specificity. In accordance with these data, 18% of our control group of FDRs without risk factors or symptoms of arthritis displayed an active MSUS. Previous studies have demonstrated that osteoarthritis is associated with signs of synovitis on MSUS, 29 which may be in line with our findings that active MSUS signs were more frequent in older individuals, although we have no radiographic data to formally support this hypothesis.
Our study is limited by its cross-sectional nature, which does not allow for definite conclusions about the prognostic value of active MSUS for the future development of RA. However, the lack of association with the earlier phases of disease development 6 does not suggest a strong clinical value of MSUS in a broad-range screening strategy for RA. As described in other studies, 11 12 MSUS was only correlated with later phase of RA development, suggesting that MSUS may be of value only in patients with a high probability of subsequent RA development. Finally, we were not able to analyse any further subgroups, such as ACPA-positive patients with arthralgia, given the limited sample size.
In conclusion, our study does not support the systematic use of MSUS in a screening algorithm for preclinical RA. However, MSUS may be useful to detect imminent RA, for example in selected patients considering preventive antirheumatic therapy.
Education Education Education
Contributors lB, Da-r, aF and cg conceived the presented idea. Da-r and aF performed most of the statistics. all authors contributed to patient inclusion, discussed the results and contributed to the final manuscript. all authors have contributed to researching data for the article, discussion of its content, and writing, reviewing and editing the manuscript before submission.
Funding the authors have not declared a specific grant for this research from any funding agency in the public, commercial or not-for-profit sectors.
Competing interests none declared.
Patient consent for publication not required.
ethics approval the study was approved by the ethics committee of University Hospital of geneva, Switzerland (cer 08-102), and all participants signed an informed consent before enrolment.
Provenance and peer review not commissioned; externally peer reviewed. data availability statement all data relevant to the study are included in the article or uploaded as supplementary information.
Open access this is an open access article distributed in accordance with the creative commons attribution non commercial (cc BY-nc 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http:// creativecommons. org/ licenses/ by-nc/ 4. 0/.
